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(54) Video signal processing apparatus with noise reduction and edge enhancement 



(57) A video signal processing circuit for processing 
a video signal including a noise is disclosed which com- 
prises: an edge enhancement signal generation circuit 
for generating an edge enhancement signal from the 
video signal; a noise reduction circuit for reducing a level 
of the noise to generate a noise reduced video signal; 
and an adder for adding the edge enhancement signal 
to the noise reduction video signal to output a processed 
video signal. This apparatus may further comprises an 
input terminal for receiving the video signal, wherein the 
edge enhancement signal generation circuit and the 
noise reduction circuit coupled to the input terminal in 
parallel. This apparatus may further comprises a first de- 
lay circuit for delaying the video signal by one horizontal 
line period to generate a 1-H delayed video signal and 
a second delay circuit responsive to the video signal for 
generating a 2-H delayed video signal, wherein the edge 
enhancement signal generation circuit generates the 
edge enhanced signal from the video signal, the 1 -H de- 
layed video signal, and the 2-H delayed video signal and 
the noise reduction circuit generates the noise reduced 
video signal from the video signal, the 1 -H delayed video 
signal, and the 2-H-delayed video signal. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a video signal apparatus 
with noise reduction and edge enhancement for 
processing a video signal. 

2. Description of the Prior Art 

A video signal processing apparatus for processing 
a video signal with reduction of noise and edge en- 
hancement is known. Fig. 3 is a block diagram of a prior 
art video signal processing apparatus. This prior art vid- 
eo processing apparatus comprises a line memory 2 for 
delaying a video signal inputted to an input terminal IT 
by one horizontal line (scanning) period (1H), a line 
memory 3 for delaying an output of the line memory 2 
by 1 H, a noise reduction circuit 1 , supplied with the video 
signal, the output of the line memory 2, and an output 
of the line memory 3, for reducing noises in the video 
signal through two-dimensional filtering, a line memory 
8 for delaying an output of the noise reduction circuit 1 
by 1 H, a line memory 9 for delaying an output of the line 
memory 8 by 1 H, a horizontal edge enhancement signal 
generation circuit 5 for generating a horizontal edge en- 
hancement signal from an output of the line memory 8, 
a vertical edge enhancement signal generation circuit 4 
for generating a vertical edge enhancement signal from 
outputs of the noise reduction circuit 1 , the line memory 
8, and the line memory 9, an adder 6 for summing the 
horizontal edge enhancement signal and the vertical 
edge enhancement signal, and an adder 7 for summing 
the output of the line memory 9 and an output of the 
adder 6. 

The noise reduction circuit 1 reducing noises in the 
video signal through two-dimensional filtering is dis- 
closed in Japanese patent application provisional pub- 
lication No. 6-86104. 

An operation of this prior art video processing ap- 
paratus will be described. Fig. 4 is a graphical drawing 
of the prior art video signal processing apparatus show- 
ing waveforms of output signals at respective points 
shown in Fig. 3. The line memory 2 delays the video 
signal, having a waveform 201, inputted through the in- 
put terminal TV, by one horizontal scanning period (1 H) 
to produce a one-H delayed video signal. The line mem- 
ory 3 delays the output of the line memory 2 to produce 
two-H delayed video signal. The noise reduction circuit 
1 , supplied with the video signal, the one-H delayed vid- 
eo signal, and the two-H delayed video signal reduces 
noises in the video signal through two-dimensional fil- 
tering as shown by a waveform 202. The line memory 8 
delays the output of the noise reduction circuit 1 by 1 H. 
The line memory 9 delays the output of the line memory 
8 by one horizontal scanning line. The horizontal edge 



enhancement signal generation circuit 5 generates the 
horizontal edge enhancement.signal.from.the.output of 
the line memory 8. The vertical edge enhancement sig- 
nal generation circuit 4 generates the vertical edge en- 
5 hancement signal from outputs of the noise reduction 
circuit 1, the line memory 8, the line memory 9. The 
adder 6 sums the horizontal edge enhancement signal 
and the vertical edge enhancement signal to produce 
an edge enhancement signal as shown be a waveform 
io 203. The adder 7 sums the output of the line memory 9 
and an output of the adder 6 to produce an edge en- 
hanced video signal as shown by a waveform 204. 

SUMMARY OF THE INVENTION 

The present invention has been developed in order 
to provide an improved video signal processing appara- 
tus with noise reduction and edge enhancement. 

According to the present invention there is provided 
a first video signal processing apparatus for processing 
a video signal including a noise comprising: an edge en- 
hancement signal generation circuit for generating an 
edge enhancement signal from the video signal; a noise 
reduction circuit for reducing a level of the noise to gen- 
erate a noise reduced video signal; and an adder for 
adding the edge enhancement signal to the noise re- 
duction video signal to output a processed video signal. 

This first video signal processing apparatus may 
further comprise an input terminal for receiving the video 
signal, wherein the edge enhancement signal genera- 
tion circuit and the noise reduction circuit are coupled to 
the input terminal in parallel. 

This first video signal processing apparatus may 
further comprise a first delay circuit for delaying the vid- 
eo signal by one horizontal line period to generate a one- 
horizontal-line-period-delayed video signal and a sec- 
ond delay circuit responsive to the video signal for gen- 
erating a two-horizontal-line-period-delayed video sig- 
nal, wherein the edge enhancement signal generation 
circuit generates the edge enhanced signal from the vid- 
eo signal, the one-horizontal-line-period-delayed video 
signal, and the two-horizontal-line-period-delayed video 
signal and the noise reduction circuit generates the 
noise reduced video signal from the video signal, the 
one-horizontal-line-period-delayed video signal, and 
the two-horizontal-line-period-delayed video signal. 

In this first video signal processing apparatus, the 
edge enhancement signal generation circuit may com- 
prise a horizontal edge enhancement signal generation 
circuit responsive to the video signal for generating a 
horizontal edge enhancement signal, a vertical edge en- 
hancement signal generation circuit responsive to the 
video signal for generating a vertical edge enhancement 
signal, and a second adder for adding the vertical edge 
enhancement signal to the horizontal edge enhance- 
ment signal to generate the edge enhancement signal. 
Moreover, this apparatus may further comprise a first 
delay circuit for delaying the video signal by one hori- 
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zontal line period to generate a one-horizontal-line-pe- 
riod-delayed video signal and a second delay circuit re- 
sponsive to the video signal tor generating a two-hori- 
zontal-line-period-delayed video signal, wherein the 
horizontal edge enhancement signal generation circuit 
generates the horizontal edge enhancement signal from 
the one-horizontal-period-delayed video signal and the 
vertical edge enhancement signal generation circuit 
generates the vertical edge enhancement signal from 
the video signal, the one-horizontat-period-delayed vid- 
eo signal, and the two-horizontal-period-delayed video 
signal. 

According to the present invention there is also pro- 
vided a second video signal processing apparatus for 
processing a video signal including a noise comprising: 
a first line memory for delaying a video signal by one 
horizontal line period to generate a one-horizontal-line- 
period-delayed video signal; a second line memory re- 
sponsive to the video signal for generating a two-hori- 
zontal-line-period delayed video signal; a noise reduc- 
tion circuit responsive to the video signal, the one-hori- 
zontal-line-period-delayed signal, and the two-horizon- 
tal-line-period-delayed signal for reducing a level of the 
noise to generate a noise reduced video signal through 
two-dimensional filtering; a horizontal edge enhance- 
ment signal generation circuit responsive to the one- 
horizontal-line-delayed signal for generating a horizon- 
tal edge enhancement signal; a vertical edge enhance- 
ment signal generation circuit responsive to the video 
signal, the one-horizontal-line-delayed signal, and the 
two-horizontal-line-delayed signal for generating a ver- 
tical edge enhancement signal; a first adder for adding 
the vertical edge enhancement signal to the horizontal 
edge enhancement signal to generate an edge en- 
hancement signal; and a second adder for adding the 
edge enhancement signal to the video signal to gener- 
ate an edge enhanced video signal to output an edge 
enhanced video signal. - 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention 
will become more readily apparent from the following 
detailed description taken in conjunction with the ac- 
companying drawings in which: 

Fig. 1 is a block diagram of a video signal process- 
ing circuit of this invention; 

Fig. 2 is a graphical drawing of the video signal 
processing circuit showing waveforms at respective 
points in the video signal processing circuit shown 
in Fig. 1 ; 

Fig. 3 is a block diagram of a prior art video signal 
processing apparatus; and 

Fig. 4 is a graphical drawing of the prior art video 
signal processing apparatus showing waveforms at 
respective points in Fig. 3. 



The same or corresponding elements or parts are 
designated with- like references throughout-the draw- 
ings. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Hereinbelow will be described a first embodiment 
of this invention. 

Fig. 1 is a block diagram of a video signal process- 

10 ing circuit of this invention. Fig. 2 is a graphical drawing 
of the video signal processing circuit showing wave- 
forms at respective points of the video signal processing 
circuit shown in Fig. 1 . The video signal processing cir- 
cuit of this invention comprises a line memory 1 2 for de- 
is laying a video signal, having a waveform 101 , inputted 
through an input terminal Ti, by one-horizontal line (1-H) 
to produce one-H delayed video signal, a line memory 
1 3 for delaying the one-H delayed video signal from the 
line memory 1 2 by one-H to produce two-H delayed vid- 

20 eo signal, a noise reduction circuit 1 1 , supplied with the 
video signal, the one-H delayed signal, and the two-H 
dealed signal, for reducing levels of noise included in 
the video signal to produce a noise reduced video signal 
as shown by waveform 1 02 through two-dimensional fil- 

25 tering, a horizontal edge enhancement signal genera- 
tion circuit 15, supplied with the one-H delayed signal, 
for generating a horizontal edge enhancement signal as 
shown by a waveform 1 03, a vertical edge enhancement 
signal generation circuit 14, supplied with the video sig- 

30 nal, the one-H delayed signal, and the two-H dealed sig- 
nal, for generating a vertical edge enhancement signal, 
an adder 16 for adding the vertical edge enhancement 
signal to the horizontal edge enhancement signal to pro- 
duce edge enhancement signal, an adder 1 7 for adding 

35 the edge enhancement signal to the video signal to pro- 
duce an edge enhanced video signal, as shown by a 
waveform 104 and output the edge enhanced video sig- 
nal at a terminal To. 

An operation of the video signal processing circuit 

40 of this invention will be described. The line memory 12 
delays the video signal, having a waveform 101 , input- 
ted through an input terminal Ti by one-H to produce 
one-H delayed video signal. The line memory 13 delays 
the one-H delayed video signal from the line memory 1 2 

45 by one-H to produce two-H delayed video signal. The 
noise reduction circuit 1 1 , supplied with the video signal, 
the one-H delayed signal, and the two-H dealed signal, 
for reducing levels of noises included in the video signal 
or suppressing the noises to produce a noise-reduced 

so video signal as shown by waveform 102 through two- 
dimensional filtering. For example, the noise reduction 
device as disclosed in Japanese patent application pro- 
visional publication No 6-86104 can be used for this 
noise reduction circuit 1 1 . 

55 The horizontal edge enhancement signal genera- 
tion circuit 15, supplied with the one-H delayed signal, 
comprises a delay circuit (not shown) for delaying the 
one-H delayed signal by one or more pixel periods to 
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produce a delay signal as shown by a waveform 1 05 
and detects and generates the horizontal edge en- 
hancement signal through a differential operation be- 
tween one-H delayed signal and the delay signal as 
shown by the waveform 105. The vertical edge en- 
hancement signal generation circuit 14, supplied with 
the video signal, the one-H delayed signal, and the two- 
H dealed signal, detects and generates the vertical edge 
enhancement signal through a differential operation 
among the video signal, the one-H delayed signal as 
well known. The adder 16 adds the vertical edge en- 
hancement signal to the horizontal edge enhancement 
signal to produce the edge enhancement signal. The 
adder 1 7 adds the edge enhancement signal to the vid- 
eo signal to produce the edge enhanced video signal, 
as shown by a waveform 104 and output the edge en- 
hanced video signal at a terminal To. 

The noise reduction circuit 1 1 suppresses the noise 
included in the video signal irrespective of operations of 
the horizontal edge enhancement signal generation cir- 
cuit 15 and the vertical edge enhancement signal gen- 
eration circuit 1 4, so that a degree of the noise reduction 
can be determined irrespective of the operations of the 
horizontal edge enhancement signal generation circuit 
1 5 and the vertical edge enhancement signal generation 
circuit 14. 

Similarly, the horizontal edge enhancement signal 
generation circuit 1 5 and the vertical edge enhancement 
signal generation circuit 14 generates the horizontal 
edge enhancement signal and the vertical edge en- 
hancement signal respectively irrespective of the oper- 
ation of the noise reduction circuit 11, so that the hori- 
zontal and vertical edge enhancement signals can gen- 
erate sharp horizontal and vertical edge enhancement 
signals respectively. 

Moreover, the delayed video signals from the line 
memories 12 and 13 are commonly used for the noise 
reduction circuit 11 and for the edge enhancement cir- 
cuit including the horizontal edge enhancement signal 
generation circuit 1 5 and the vertical edge enhancement 
signal generation circuit 14. 



Claims 

1 . A video signal processing apparatus for processing 
a video signal including noise, comprising: 

edge enhancement signal generation means 
for generating an edge enhancement signal 
from the video signal; 

noise reduction means for reducing a level of 
the noise to generate a noise reduced video 
signal; and 

adding means for adding the edge enhance- 
ment signal to the noise reduced video signal 
to output a processed video signal. 

BEST AVAILABLE COPY 



2. A video signal processing apparatus as claimed in 
claim 1 . further-comprising an input4erminal for re- 
ceiving the video signal, wherein the edge enhance- 
ment signal generation means and the noise reduc- 

5 tion means are coupled to the input terminal in par- 
allel. 

3. A video signal processing apparatus as claimed in 
claim 1 or 2, further comprising a first delay circuit 

10 for delaying the video signal by one horizontal line 
period to generate a one-horizontal-line-period-de- 
layed video signal and a second delay circuit re- 
sponsive to the video signal for generating a two- 
horizontal-line-period-delayed video signal, where- 

is in the edge enhancement signal generation means 
generates the edge enhanced signal from the video 
signal, the one-horizontal-line-period-delayed vid- 
eo signal, and the two-horizontal-line-period-de- 
layed video signal and said noise reduction means 

20 generates said noise reduced video signal from 
said video signal, said one-horizontal-line-period- 
delayed video signal, and said two-horizontal-line- 
period-delayed video signal. 

25 4. A video signal processing apparatus as claimed in 
claim 1 or 2, wherein said edge enhancement signal 
generation means comprises a horizontal edge en- 
hancement signal generation circuit responsive to 
said video signal for generating a horizontal edge 

30 enhancement signal, a vertical edge enhancement 
signal generation circuit responsive to said video 
signal for generating a vertical edge enhancement 
signal, and second adding means for adding said 
vertical edge enhancement signal to said horizontal 

35 edge enhancement signal to generate said edge 
enhancement signal. 

5. A video signal processing apparatus as claimed in 
claim 4, further comprising a first delay circuit for 

40 delaying said video signal by one horizontal line pe- 
riod to generate a one-horizontal-line-period-de- 
layed video signal and a second delay circuit re- 
sponsive to said video signal for generating a two- 
hortzontal-line-period-delayed video signal, where- 

45 in said horizontal edge enhancement signal gener- 
ation circuit generates said horizontal edge en- 
hancement signal from said one-horizontal-line-pe- 
riod-delayed video signal and said vertical edge en- 
hancement signal generation circuit generates said 

50 vertical edge -enhancement signal from said video 
signal, one-horizontal-line-period-delayed video 
signal, and two-horizontal-line-period-delayed vid- 
eo signal. 

55 6. A video signal processing apparatus for processing 
a video signal including noise, comprising: 

a first line memory for delaying a video signal 
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by one horizontal line period to generate a one- 
horizontal-line-period-detayed video signal; 
a second line memory responsive to said video 
signal for generating a two-horizontal-line-peri- 
od delayed video signal; $ 
a noise reduction circuit responsive to said vid- 
eo signal, said one-horizontal-line-period-de- 
layed signal, and said two-horizontal-line-peri- 
od-delayed signal for reducing a level of said 
noise to generate a noise reduced video signal 10 
through two-dimensional filtering; 
a horizontal edge enhancement signal genera- 
tion circuit responsive to said one-horizontal- 
line-delayed signal for generating a horizontal 
edge enhancement signal; is 
a vertical edge enhancement signal generation 
circuit responsive to said video signal, said 
one-horizontal-line-delayed signal, and said 
two-horizontal-line-delayed signal for generat- 
ing a vertical edge enhancement signal; 20 
a first adder for adding said vertical edge en- 
hancement signal to said horizontal edge en- 
hancement signal to generate an edge en- 
hancement signal; and 

a second adder for adding said edge enhance- 25 
ment signal to said noise reduced video signal 
to generate an edge enhanced video signal and 
to output said edge enhanced video signal. 
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FIG. 4 PRIOR ART 
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